We find that defined benefit employee pension plans of target firms experience greater underfunding after hedge fund activism. Targets reduce employer contributions, which they justify by increasing the assumed rates of return on plan investments. Despite tilting plan investment toward riskier assets, performance suffers. Moreover, the stock price reaction to activism announcement predicts future increases in pension underfunding. Our identification strategy uses a difference-in-differences method using matched non-targets, firm fixed effects, and tests of underlying mechanisms and alternative hypotheses. Shareholder gains from activism appear to partly come from raiding deferred compensation promised to workers, and from taxpayers via PBGC guarantees.
Introduction
This paper deals with two broad questions. First, does hedge fund (HF) activism enhance firm value? While prior studies find that stockholders of target firms earn positive returns, on average, upon announcement of HF activism, other stakeholders in these firms often experience adverse outcomes. Understanding the economic effects of HF activism is important because it is an important external governance mechanism (see, e.g., Kim (2009, 2015b) ).
This topic is also of interest to policy makers because shareholder activism is highly regulated.
Second, what are the factors that affect the financial stability of employee pension plans? This question is important for workers because underfunded pension plans put their promised pension benefits at risk. In addition, underfunded plans put a potential burden on taxpayers via the guarantees provided by the Pension Benefit Guarantee Corporation (PBGC) when the sponsoring employer defaults, and on workers whose promised pensions exceed the meager PBGC insurance limits (Cocco, 2014) . This paper sheds light on both these questions by examining how employee pensions fare when firms become targets of HF activists.
Shareholder activism is an investment strategy whereby investors such as HFs attempt to use their shareholder rights to intervene in the management of a targeted firm to increase the value of their investment. Activists can nudge or push management to take shareholder-friendly actions such as increase dividends or share buybacks, do spinoffs, or be acquired. Prior studies find that HF activism is quite successful in increasing shareholder wealth of targeted firms (see Kim, 2009, 2015b for excellent reviews of this literature). However, there are two opposing views about the sources of these shareholder wealth gains. In the first view, activism increases the value of the target firm by enhancing firm productivity or promoting its takeover (see, e.g., Brav, Jiang and Kim, 2015a; Jiang, Li and Mei, 2016; and Boyson, Gantchev and Shivdasani, 2017) . The second view is that shareholder gains from activism are due to wealth transfers from other stakeholders such as bondholders or employees (see, e.g., Klein and Zur, 2011; Coffee and Palia, 2016; and Brav, Jiang and Kim, 2015a) . The two sources of shareholder gains have radically different implications about the value of activism for target firms and the broader society. If these gains arise, e.g., from operational efficiencies or facilitating a higher-valued takeover, HF activism is good for firm value and the overall society.
On the other hand, if shareholder gains are merely the result of wealth transfers from other stakeholders, the value of such activism is less clear.
The purpose of this study is to uncover the role of HF activism on the welfare of a key stakeholder in the firm, namely employees. Brav, Jiang and Kim (2015a) find that HF activism decreases productivity-adjusted wages for workers. Except for this study, empirical evidence on the effect of activism on employees is quite limited. 1 More importantly, to our knowledge, no prior study has analyzed the effect of HF activism on employee pensions. This paper aims to fill this gap in the literature by examining the effect of HF activism on the welfare of employees, by focusing on employee pensions. Specifically, we study whether HF activism helps or hurts employee wealth as represented by the health of their defined benefit (DB) pension plans.
Anecdotal evidence suggests that HF activism hurts employee welfare. A story in the New York Times offers a vivid example of this phenomenon. 2 In 2012, Relational Investors, an activist fund, identified Timken Corporation, a steel and bearings maker in Ohio as a target of activism. In the summer and Fall of 2012, Relational started buying Timken stock. In November 2012, Relational publicly disclosed a 6% equity stake in Timken and launched an activist campaign against it. By September 2013, Timken was forced to replace its family CEO. In an investor presentation in November 2014, Timken reported that under the new CEO, the firm had almost eliminated its employee pension contributions (dropping from a third of cash flow to near zero), and planned a large buyback of shares by the end of 2016. Wall Street Journal quotes this example 3 in pointing out, "if we continue down this road, we won't have the long-term investments in workers and innovation that we need to sustain a higher rate of growth." Consistent with this example, we find that employees of target firms that sponsor DB pension plans suffer from greater plan underfunding after HF activism. This finding is consistent with the view that HF activists expropriate wealth from employees. We then examine the mechanisms that lead to the underfunding of pension plans. We find that targeted firms reduce employer contributions to the pension fund, which they justify by increasing the assumed rates of returns on plan investments. They also tilt plan investments toward riskier assets, in a failed effort to boost plan returns.
There are two potential interpretations of our findings. First, HF activists put pressure on managers to increase shareholder wealth and managers respond by raiding employee pension funds. Second, observable and unobservable characteristics of these firms that lead activist HFs to target them also lead the firms to underfund employee pensions. We address this identification concern in three ways. First, we match each target firm with a control firm, identified using a coarsened exact matching (CEM) procedure (described in section 6), which controls for observable firm characteristics. We then use a difference-in-differences (DiD) approach and draw inferences based on contemporaneous changes in treatment vs. control firms in years before vs. after HF activism. Moreover, within this framework, we use firm fixed effects regressions, which remove the effects of time-invariant firm characteristics, whether observable or not.
Second, the stock price reaction to activism announcement predicts future increases in pension underfunding, which provides a direct test of the wealth transfer hypothesis. Finally, we conduct tests of several alternative hypotheses suggested by Brav, Jiang and Kim (2015a) to disentangle the effect of HF activism from mere stock picking. These tests confirm that our results are not driven by alternative hypotheses such as voluntary reforms by management, activists' stockpicking skills, mean-reversion, financial distress, or attrition bias.
We refer to the increase in underfunding of employee pension plans following HF activism as wealth transfers from employees for three reasons. First, these plans were already substantially underfunded, on average by 28% in the year before targeting (see Table 2 ). Under 9% of the firm-years in our sample have overfunded plans and dropping them does not change our main results. Second, while PBGC insures the plans in case the firm goes bankrupt, PBGC's coverage limits are modest, up to an annual pension of about $60,000 for a 65-year old retiree for a plan terminated in 2016. Finally, PBGC's own financial health is in question. GAO has designated PBGC's single-employer program as 'high risk' since July 2003 and added this designation to multi-employer plans since January 2009 (see GAO (2017) ). These facts do not support the idea that HF activism forces managers to eliminate overfunding of pension funds of 'fat cat' employees. Our finding of an increase in underfunding of employee pension plans following HF activism supports the Shleifer and Summers (1988) notion of a breach of trust with employees.
Our study contributes to several strands of the literature. First, we provide empirical evidence on a source of shareholder gains from HF activism. Prior studies on HF activism find mixed evidence of wealth transfers from debtholders (see, e.g., Brav, Jiang, Partnoy and Thomas, 2008; Uchida and Xu, 2008; Aslan and Maraachilian, 2009; Huang, 2009; Jiang, Li and Wang, 2009; Kim, 2009, Klein and Zur, 2011; Sunder, Sunder and Wongsunwai, 2015; and Feng, Xu and Zhu, 2016) and some evidence of wealth transfers from employees (see Brav, Jiang and Kim, 2015) . Our paper complements this literature by showing that employee pensions suffer in HF activism events. Moreover, our finding that the stock price reaction to activism announcement predicts future increases in pension underfunding suggests a wealth transfer from employee pension funds to shareholders. Second, our study contributes to the literature that finds that as firms approach financial distress, they increase investment risk in employee pension plans (see, e.g., Bergstresser. Desai and Rauh, 2006; Cocco and Volpin, 2007; Phan and Hegde, 2013; Anantharaman and Lee, 2014; and Duan, Hotchkiss and Jiao, 2015) . Third, and more broadly, we contribute to the literature on shareholder activism as well as the governance role of shareholders (see, e.g., the review articles by Gillan and Starks, 2007; Edmans and Holderness (2016) ; and Denes, Karpoff and McWilliams, 2017) .
The paper proceeds as follows. Section 2 discusses the related literature. Section 3 details the data and sample. Section 4 presents our baseline results. Section 5 examines the underlying mechanisms. Section 6 presents identification tests and section 7 concludes.
Prior Literature and Main Hypothesis
This paper examines whether HF activism hurts the health of employee DB pension plans, which represent employees' post-retirement wealth. We measure pension plan health using funding levels. What is underfunding of DB plans and why does it matter? A DB pension plan is a deferred compensation arrangement, whereby an employer commits to making future benefit payments to employees for services they have provided during their employment with the firm (see, e.g., Kieso, Weygandt and Warfield, 2010) . Plan liabilities are the pension promises that the firm has made to its employees, and plan assets fund these liabilities. Underfunding implies that a plan's liabilities exceed its assets, i.e., pension fund assets may be insufficient to keep its promises (see, e.g., Cocco, 2014) . Thus, underfunding of a DB plan can hurt employee welfare after retirement. 4 Although most DB pension plans are insured by the PBGC under the Employee Retirement Income Security Act of 1974 (ERISA), underfunding creates problems for employees and for the society. This is because the PBGC guarantees benefits in private DB plans only up to a modest limit; this limit can change; not all pension plans are insured by PBGC; and any losses incurred by PBGC are ultimately borne by taxpayers. Moreover, the PBGC is itself severely underfunded, with a net worth of negative $62 billion as of the end of September 2014, so its guarantee is hardly solid. 5
More specifically, pension plan funding is defined as follows:
(1)
The present value of plan obligations is the discounted value of expected future payments to retirees. To estimate plan obligations, the employer makes assumptions about employees' life expectancy, turnover, retirement date, and future salary levels. The fair value of plan assets is defined as follows:
(2)
The level of regulatory minimum contributions for a year is based on a complex formula that is a function of the plan's normal cost (i.e., additional pension obligations accrued from one additional year's service by employees) plus its deficit reduction contribution (Rauh, 2006) . The employer can choose to contribute more than the statutory minimum, which accounts for the discretionary portion of contributions. Variations in discretionary employer contributions and returns on plan assets, determined by market conditions, can cause underfunding in a DB pension plan. If a plan is underfunded, pension legislation requires employers to make additional contributions to resolve the problem.
Does HF activism cause underfunding in DB pension plans for employees in target firms? Prior studies suggest that HF activism can transfer wealth from employees to 5 See Alex J. Pollock, A Federal guarantee is sure to go broke, Wall Street Journal, November 30, 2014).
shareholders. Brav, Jiang and Kim (2015) find that the workers of target firms do not benefit from HF activism. Although labor productivity improves after HF activists target a firm, employees experience a reduction in work hours, and their wages do not keep pace with improved productivity. Using shareholder proposals on governance, Popadak (2015) finds that shareholders realize financial gains such as increases in sales, profitability, and payouts, while target firms suffer from deterioration in customer satisfaction and employee integrity. Coffee and Palia (2016) suggest that wealth transfers from target firms' employees to their shareholders could come from reductions in employees' promised pension payouts. Thus, our main testable hypothesis is that employees of target firms are more likely to experience underfunding of their DB pension plans.
Why can HF activism cause underfunding? First, the seminal theoretical work of Sharpe (1976) and Sharpe and Treynor (1977) shows that it is value-maximizing for stockholders to increase pension risk through underfunding and risky asset allocations, using the option pricing model. Firms can transfer their pension liabilities to the PBGC in return for pension fund assets plus 30% of the market value of the firm's net worth. Thus, PBGC insurance serves as a put option where pension liabilities are the underlying asset, while pension fund assets plus 30% of the firm's net worth is the exercise price. So if the exercise price is less than the pension liability, the firm has an incentive to exercise the put option.
Second, activists can cause underfunding by demanding more cash payouts from the firm. Bean and Bernardi (2000) find a significant positive correlation between the increase in pension liabilities and dividend payments. They argue that the underfunding of pension funds is a unilateral decision by management that effectively transfers risk from stockholders to employees and the society.
Third, HF activism can hurt employee pension health by increasing takeover pressure. Stein (1988) shows that takeover pressure leads managers to sacrifice the firm's long-term interests to boost current profits. Shleifer and Summers (1988) argue that hostile takeovers enable shareholders to transfer wealth from workers to themselves. Cocco and Volpin (2013) find that DB pensions act as takeover deterrents. Pontiff, Shleifer and Weisbach (1990) and Rosett (1990) find that pension plan terminations rise after hostile rather than friendly takeovers, suggesting that wealth transfers from employees are a source of shareholder gains in hostile takeovers. They also find that reversions following takeovers occur primarily in DB plans, where the potential for wealth transfers is the greatest (see also Harper and Treanor, 2014) .
How can HF activism cause underfunding of employee pension plans? Under pressure from shareholder activists, managers can raid employee pension wealth in at least three ways.
First, they can underfund pension plans by reducing employer contributions to the plans, effectively reneging on the firm's promises to employees (Anantharaman and Lee, 2014) .
Second, managers can increase the assumed rates of return on plan assets to justify making lower employer contributions. Third, they can freeze or terminate pension plans. Petersen (1992) examines a firm's decision to terminate their overfunded DB pension plans and finds that firms terminate their pension plans to relieve themselves of future benefits promised to workers.
Similarly, firms can freeze underfunded DB plans to stop accumulating future benefit obligations (see Cocco (2014) ).
Data and Methodology

Institutional background
Corporate pension plans
A pension plan can be either a DB plan or a defined contribution (DC) plan. A DB plan promises a specified monthly benefit at retirement. 6 The plan may state this promised benefit as an exact dollar amount, such as $1,000 per month after retirement. More commonly, it promises a benefit through a plan formula that considers such factors as salary and service (e.g., 2 percent of the average annual salary during the last 3 years of employment for every year of service with the employer).
A DC plan does not promise a specific amount of benefit at retirement. In these plans, the employee, the employer or both contribute to the employee's individual account under the plan, sometimes at a set rate, such as 5 percent of earnings annually. These contributions generally are invested on the employee's behalf. Employees ultimately receive the balance in their accounts, which equal contributions plus investment gains or losses. The value of the account fluctuates with changes in the value of the investments and contributions. Examples of defined contribution plans include 401(k) plans, 403(b) plans, employee stock ownership plans (ESOP), and profitsharing plans.
HF activism
When a person or group of shareholders acquires beneficial ownership of more than 5% of a voting class of a company's securities, they are required to file a Schedule 13D with the SEC in accordance with the Securities and Exchange Act of 1934. The initial 13D must be filed within 10 days of the shareholders taking their stake. In general shareholders who acquire greater than a 5% stake and intend to change or influence the control of the target must file a 13D, while those who do not intend to engage in any activism file a 13G instead. A beneficial owner having filed an initial 13D is required to file an amended 13D/A promptly if any material change occurs in the contents disclosed in the initial 13D. The purpose of the transactions is reported in item 4 of the 13D filing. A 13D filing can indicate multiple purposes.
Sample selection
Pension data
Our first pension dataset comes from Compustat Pension annual data files from 1998 to 2014. For tests of underfunding, our sample starts in 1998 because the Statement of Financial Accounting Standards (SFAS) 132 requires disclosure of actual returns starting that year.
Our second dataset on corporate pension plans is from the IRS Form 5500 Private Pension Plan Research Files, available from the Department of Labor (DOL). Under ERISA and the Internal Revenue Code, most private-sector employer sponsored employee benefit plans are required to provide annual reports on the plan's financial condition, investments, and operations with the DOL, Internal Revenue Service (IRS), and the PBGC. Form 5500 contains pension asset and liability values, and must be filed annually by pension plan sponsors for plans with greater than 100 participants.
HF activism data
HF activism data come from the Audit Analytics Shareholder Activism database. Recent research on shareholder activism focuses on HF activism and uses limited, proprietary data. Our data is from a comprehensive database of all initial and amended Schedule 13D filings by all types of investors from 2001 to 2014. We focus on large outside shareholders who are not affiliated with the target. To identify the type of shareholder activist, we use Form D filings, relationships with it (see, e.g., Bae, Baik and Kim, 2011) . After deleting targets whose corporate pension plan data is not available on Compustat Pension annual data files, our final sample consists of 594 HF activism events.
Other data
Financial accounting and stock return information come from Compustat annual files and CRSP daily files, respectively. Data on other firm characteristics are from Thomson Financial, IBES, and RiskMetrics. Table 1 reports the annual number of HF activism events and the industry distribution of target firms. The number of activism events was at a minimum of 13 in 2002 and reached a maximum of 80 in 2008 over our sample period. Business equipment manufacturers and financial firms are the most frequent targets of HF activism.
Matching
To address potential selection bias and control for firm heterogeneity, we match our sample of firms targeted by HF activists (henceforth, target firms) with a control sample constructed using the coarsened exact matching (CEM) method (Iacus, King and Porro, 2011; Duygan-Bump, et al., 2013) . 7 We match each target firm in year with a non-target firm from the same year. Sampling is with replacement to ensure better matches, so there are fewer control firms than target firms. Matching is based on lag 1 of the following variables: 4-digit SIC industry-adjusted Tobin's Q, leverage, ROA, an indicator of negative ROA, log of market value, log of total assets; and lag 3 of industry-adjusted Tobin's Q.
We report summary statistics comparing the characteristics of the target firms with control firms one year prior to the year of targeting. Panel A of Table 2 presents the mean value for each group, t-statistics for differences between them, followed by median values and the p-value of the Wilcoxon test for differences between the two distributions for variables used in subsequent regressions. The two samples are generally quite similar in terms of firm and plan characteristics.
Panel B presents tests of the parallel trends assumption. Given our later finding in Table 3 that underfunding of pension plans in target firms increases over the five years following the year of HF activism, we want to make sure that the growth rate of underfunding before activism was not higher in target firms than in control firms. There is no evidence of higher growth rates for target firms relative to control firms based on either mean or median values of the one-year or two-year growth rates in Underfund as of year -1.
Methodology
To test the underfunding hypothesis, we examine the relation between HF activism and corporate pension funding status. The pension sample consists of firm-year level observations from 1998 to 2014, where firms are limited to HF targets and their matched firms over 2001 . Following Brav, Jiang, Ma and Tian (2016 , our main regression adopts the difference-indifferences (DiD) approach: 
Dependent variables
We test our main hypothesis with Underfund as the dependent variable. These analyses are at the firm-year level. We define Underfund as pension liabilities minus fair value of pension assets, all divided by pension liabilities. So a high Underfund indicates a poorly funded pension plan (Anantharaman and Lee, 2014) . We also examine asset allocation, asset returns, and employer contribution measures. Specifically, %Equity is pension asset allocation in equity.
Return is actual return on plan assets. Contribution measures employer contributions. We supplement Compustat Pension data with the IRS research file. IRS datasets contain information on pension participants and the freezing (termination) status of a plan. Using the IRS data, we measure employer contribution per participant and a frozen (terminated) indicator that equals one for a firm that freezes (terminates) its DB plans.
Key independent variables
We test our main hypothesis using a difference-in-differences framework as in equation (3). Our main interest is in coefficient , which compares the change in the level of underfunding in target firms post-activism to that in matched firms.
Control variables
We control for various plan characteristics such as plan size, the chosen discount rate, and pension duration, and tax rate as these may affect plan funding status (see, e.g., Rauh, 2009; Amir and Gordon, 1996; Asthana, 1999; Sundaresan and Zapatero, 1997) . Specifically, high marginal tax rate indicates strong incentives to fund pension plans and invest in highly taxed assets (Black, 1980; Thomas, 1988; Frank, 2002) . We control for the chosen discount rate as distressed firms manipulate the assumed discount rate to reduce pension liabilities (Amir and Gordon, 1996; Asthana, 1999) . We also control for pension duration as younger participants may prefer more asset allocation in risky assets (Sundaresan and Zapatero, 1997; Rauh, 2009 ).
We also control for firm characteristics that can affect funding status and the probability of being targeted by HF activists. Specifically, we control for firm size, book-to-market ratio as a proxy for investment opportunities, sales growth, leverage, profitability, firm value, and firm age. Finally, we control for cash flow from operations and its standard deviation because underfunded firms are more likely to be cash-constrained (see, e.g., Coronado and Liang, 2005) . 
Baseline Results
Underlying Mechanisms
Having shown deterioration in employee pension funding following HF activism, we next try to identify the mechanisms underlying this effect. How does a pension plan of a target company become underfunded? One possible explanation is that funding levels go down over time because sponsors' contributions to the plans do not keep up with additional benefit accruals year-after-year. This hypothesis is consistent with the opening example of Timken Corporation.
To test whether underfunding results from reduced employer contributions, we re-estimate the DiD regressions in Table 3 after replacing the dependent variable with three measures of employer contributions to the plans. Specifically, we use the following measures of contribution:
Contribution1 (natural logarithm of employer contribution in $ millions), Contribution2
(Employer contribution $ / Number of participants), and Contribution3 (Unexpected contribution = (Employer contribution $ at time t -Expected next year employer contribution at time t-1)/ Total Assets at time t-1. Table 4 reports the results. Consistent with our conjecture, target firms reduce their cash contributions to employee pension plans after being targeted by HF activists.
Employer contributions per employee drops by about a third and unexpected contributions drop even more substantially. Both these effects are statistically significant. This evidence confirms that employee pension plans suffer from underfunding due to reduced employer contributions to the plans. More importantly, we find that targets reduce the discretionary employer contributions post activism.
We next examine whether firms start making more optimistic assumptions about the anticipated rates of returns on pension plan assets in order to justify reducing employer contributions to the plans. So we re-estimate the DiD regression in Table 3 after replacing the dependent variable with PPROR, the anticipated long-term rate of return on plan assets. Row 1 of Table 5 shows that the coefficient of the interaction variable Target*Post is statistically significant under varying approaches to clustering of standard errors. The last three rows of the Next, we examine whether HF activism affects asset allocation decisions of pension plans because pension funding and asset allocation are closely intertwined. First, funding decisions often determine asset allocation decisions. For example, underfunded plans may be more inclined to invest in risky assets to earn their way out of underfunding. Second, asset allocation 9 The assumed rates of return for a firm do not change significantly over time (see, e.g., Bergstresser, Desai, and Rauh, 2006) . Both the statistical and economic significance of the results increases when we use industry, instead of firm, fixed effects. We tabulate the results with firm fixed effects to be consistent with our basic specification throughout the paper.
decisions can affect funding levels. For example, a good year for the stock market can reduce the level of future contributions needed to maintain plan health for some time. Third, stockholders are inclined to tilt pension portfolios towards high-risk, high-return assets, so as to provide pension benefits more efficiently and cheaply. Whether such a tilt happens and whether it leads to improved asset performance in terms of actual returns (not alpha) are both empirical questions. We use the DiD approach, replacing the dependent variables in Table 3 regressions with asset allocation to equity, %Equity, which measures the percentage of pension assets allocated to equity. Table 6 reports the results. There is some evidence that targeted firms tend to invest more in risky assets such as equity. The coefficient of the DiD term, Target*Post, is positive and statistically significant under one specification. The last three rows in the table show that the magnitude of this effect is about 2.3% of plan assets or about 3.9% relative to the mean equity allocation of 57.4%. This result provides modest support to the view that shareholders prefer riskier investment of pension plan assets. After being targeted by HF activists, target firms tend to take somewhat more risk in pension plans. 10
The next obvious question is that whether this risky investment results in higher performance of plan assets. Although sponsors' contributions to plans do not keep up with additional benefit accruals year-after-year, if pension plans perform better due to risky investment, pension plan funding levels would not be compromised. We use the DiD approach, replacing the dependent variables with pension asset return, Return, which measures the actual return on plan assets. Table 7 shows that after being targeted by activists, the firm does not experience superior performance in pension plans. The coefficient of the interaction term, Target*Post, is negative and statistically significant when we cluster the standard errors by firm and year. In the last three rows, the size of the marginal effect is -0.85% or about -20.2% of the mean return of 4.2%.
Next, we examine how much managers manipulate the assumed returns on plan assets.
We shed additional light on this issue by examining the difference between the assumed and actual returns on pension plan assets. The DiD regression in Table 8 shows that the assumed return exceeds the actual return by an average of 1.4% or as much as 16.4% of the mean difference of 8.6% between the two returns. The coefficient of the DiD term, Target*Post, is positive and statistically significant when we cluster the standard errors by firm and year.
We next examine whether firms targeted by HF activists increase the discount rates to reduce the present values of pension plan liabilities, as Andonov, Bauer and Cremers (2016) find for more underfunded U.S. public pension funds. On the other hand, Stefanescu, Wang, Xie and Yang (2017) find that large U.S. companies lower pension plan discount rates for top executives before they retire with a lump-sum benefit distribution. We use the DiD approach, replacing the dependent variables with an assumed Discountrate. Table 9 shows that after being targeted by activists, firms increase the pension discount rate used to compute the present value of pension liabilities, though the coefficient estimate of this increase is statistically insignificant.
Finally, as Cocco (2014) argues, firms are more likely to freeze underfunded plans and terminate overfunded plans. After a freeze, employees no longer accrue pension benefits from their future service, which results in a loss of wealth to employees (see, e.g., Comprix and Muller, 2011; Choy, Lin and Officer, 2014; Rauh, Stefanescu and Zeldes, 2016) . On the other hand, firms terminate overfunded plans to avoid having to make future contributions to them.
Given that plan underfunding increases following HF activism, we examine whether plan freezing becomes more likely and plan termination becomes less likely. We obtain freezing and termination status for our sample from the IRS database. We use the DiD approach and replace the dependent variable in Table 3 with an indicator variable for frozen (terminated) DB plans. 11
While Table 10 shows some evidence of lower plan terminations, we find no evidence of greater freezes of pension plans after HF activists target firms.
Identification
Sections 4 and 5 show clear evidence of deterioration in the health of employee pension funds after firms are targeted HF activists. These results support our main hypothesis that firms targeted by HF activists transfer wealth from employees to shareholders. However, these findings are also consistent with two other possibilities. First, instead of activism causing pension underfunding, both activism and underfunding may be related via some other, omitted variables, which may be observable or unobservable. Second, the selection of target firms by HF activists is obviously not random. Our baseline tests address these concerns by using matching method to control for observable attributes of target firms that may attract HF activists.
Accordingly, we match each target firm with a control firm, and then draw inferences using a DiD approach. Moreover, we control for time-invariant firm characteristics, both observable and unobservable, by including firm fixed effects in our baseline regressions. Nonetheless, there is a residual concern that some time-varying unobservable factors drive reductions in employee pension funding after activism episodes. 11 We use the linear probability model instead of the logit model, which does not converge because the regression includes firm fixed effects.
We address this concern in three additional ways. First, in section 5, we examine several mechanisms underlying our underfunding results. We find that target firms reduce employer contributions to the pension plans (Table 4) , increase the assumed rates of return on plan assets (Table 5) , and tilt the allocation of plan assets toward riskier investments (Table 6 ), in a failed attempt at boosting plan performance (Table 7) . Second, in section 6.1 below, we present some direct evidence of wealth transfers from employees to shareholders. Finally, we test five alternate interpretations of our findings. As discussed in section 6.2 below, none of these alternative explanations hold up to empirical scrutiny, leaving our interpretation as the most likely one.
Do abnormal returns to activism announcements predict pension underfunding?
Finally, we provide a direct test of the wealth transfer hypothesis that underfunding of pension plans represents a wealth transfer from employees to shareholders. In efficient markets, the stock price reaction to the announcement of HF activism represents investors' best estimate of the effect of activism on stockholders' wealth. So the question we ask is whether the stock price reaction to HF activism announcement predict the levels of future underfunding of employee pensions. If it does, then assuming market efficiency, that would be direct evidence of wealth transfers from employees to shareholders.
We start by computing the abnormal return on day t as = − m , where r it and r mt are the day t returns on stock i and the CRSP value-weighted market index. We then compute CAR (-1,+1) , the cumulative abnormal return over days (-1, +1) surrounding the activism announcement date as the sum of over days -1, 0 and +1. We next estimate panel regressions of pension underfunding only on the sample of firms targeted by HF activists. We use the specification in Table 3 , and replace Target with CAR(-1,+1) . The main explanatory variable of interest is Post*CAR(-1,+1). A positive coefficient on this variable will be evidence of wealth transfer from employees to shareholders. In Table 11 , the coefficient estimate of this variable is positive and statistically significant at the 1% level or better. In other words, the magnitude of the stock price reaction to activism announcement is partly in anticipation of future reductions in employee pension funding levels. This result provides additional support for our interpretation of the increase in pension underfunding after HF targeting as being partly due to wealth transfer from employees to shareholders.
Alternative explanations
Stock picking skill of hedge funds
Our first test is designed to address the stock picking skill of HFs. Activists are skilled at picking stocks with improving prospects even if they remain passive shareholders. Following Kwon (2009), Brav, Jiang and Kim (2015a) , and Aslan and Kumar (2016) , we examine the effect of HF activism on underfunding when the HF switches from being a passive, 13G filer, to being an active, 13D filer. If our results are merely driven by the activist's stock picking skill, this switch should have no effect on pension underfunding because both 13G and 13D filings indicate the same stock picking skill that led to the purchase of a 5% stake in the firm. We find 221 cases in our sample where the filer switched from a 13G to a 13D. We then reestimate our baseline regression in column (1) of Table 12 shows the result. We find a significant positive effect on underfunding of target firms in the three years after an activist switches its filing from 13G to 13D. This finding does not support the idea that the impact of HF activism on pension underfunding is merely due to the activist's stock picking skill.
Mean-reversion in pension funding
Our second test examines the possibility that our results merely pick up mean-reversion in pension funding by target firms. Pension funding may decrease after intervention simply due to mean-reversion because it increased before the intervention. We set up a placebo test wherein we define a pseudo-event year and examine the targets' response to this pseudo-event. The pseudo-event is defined as three years before the true activism event year, following Aslan and Kumar (2015) . We examine the effect of HF activism on underfunding when target firms experience this pseudo-event. We expect a significantly positive effect after the pseudo-event if our results are merely picking some existing trends. Column (2) of Table 12 , however, shows an insignificant coefficient on the DiD term. This result does not support the idea that the changes in pension underfunding that we observe after activism are simply an artifact of mean-reversion.
Voluntary reforms by target managements
Our third test investigates the possibility of voluntary reform by the management of the target firm. This alternative hypothesis suggests that target firms voluntarily reduce their funding of employee pension plans without any pressure from a HF. Hard activism involves disputes between shareholder activists and target management due to management's resistance to the activist's agenda. So for hostile events, it is difficult to attribute any changes to voluntary reforms by management because we know that management in these cases resisted the actions demanded by activists (see Brav, Jiang and Kim, 2015a) . Therefore, hard activism rules out the possibility of voluntary reforms by management. If we find underfunding of pension plans after hard activism, we can safely conclude that the change was not voluntary.
To examine this possibility, we classify activists' approaches based on their stated tactics in 13D filings. While our full sample includes a range of tactics employed by activists, here we focus on just two, hard activism and soft activism by excluding multiple purposes in a 13D
filing, which reduces the sample size in this test. Hard activism consists of cases when an activist publicly criticizes the targets or publicly announces a dispute with target management, while in soft activism, an activist adopts a softer approach by communicating privately with management.
We define an indicator variable Hard, which equals 1 for hard activism and zero for soft activism, and interact it with Target*Post. The voluntary reforms story implies that the coefficient of this interaction term should be zero. But column (3) of Table 12 shows a significantly positive coefficient on this triple interaction term, Hard*Target*Post, implying that targets are more likely to experience underfunding when the pressure from activist shareholders is strong. This finding supports the hypothesis that the underfunding of target firms is due to pressure from HF activists rather than voluntary reforms by target firms.
Financial distress
Our fourth test addresses the possibility that firms targeted by activists are more likely to be financially distressed and reduce pension funding in response (see, e.g., Duan, Hotchkiss and Jiao, 2015) . To examine this possibility, we compute Altman's Z score for each of our sample firms and interact it with our DiD variable, Target*Post. Altman's Z score measures a firm's financial strength; it is an inverse measure of the probability of bankruptcy of a firm. Column (4)
of Table 12 shows that the effect of activism on underfunding is actually stronger when firms are financially healthier. This finding does not support the idea that pension underfunding is target firms' response to financial distress.
Attrition bias
Our final test addresses a potential attrition bias that can affect firms targeted by HF activists. Specifically, targets that delist after activism may drive our results. Boyson, Gantchev and Shivdasani (2017) find that target firms are more likely to be sold after HF activism. Pension underfunding also appears to be firms' response to financial distress (see Duan, Hotchkiss and Jiao, 2015) , which can lead to delisting. To address this concern about our main hypothesis, we re-estimate the DiD regression in Table 3 after eliminating firms that delist within three years of the onset of activism. In column (5) of Table 12 , our results continue to hold, negating the idea that pension underfunding can be explained by the delisting of target firms after activism.
Conclusion
Shareholder gains from activism can come from wealth transfers from workers. Existing empirical evidence in support of this hypothesis is quite limited. Specifically, there is no prior evidence that employee pensions suffer from HF activism. In this paper, we fill this gap by comparing the funding levels of pension plans before and after HF activism. We find that on average, DB employee pension plans of target firms suffer from greater underfunding after the activism episode. This effect is caused by reduced employer contributions to the pension plans, which firms justify by increasing the assumed rate of return on plan investments. While targeted firms take more risk when investing pension plan assets, the plans show no corresponding increases in their realized returns. In addition, the stock price reaction to the announcement of HF activism predicts future increases in pension underfunding, which provides further support to the wealth transfer hypothesis. We find no empirical support for several alternative hypotheses such as activists' stock-picking skills, voluntary changes adopted by management, meanreversion, financial distress, and attrition bias, which leaves wealth transfer from employees as the most likely explanation.
Overall, the paper extends the literature showing that HF activism transfers wealth from other stakeholders to shareholders (see, e.g., Klein and Zur, 2011; Brav, Jiang and Kim, 2015; and Feng, Xu and Zhu, 2016) . Our empirical results point to a negative effect of HF activism on workers' welfare. Finally, our findings have important implications for public guarantees and regulation of private pension plans.
Table 1 Hedge fund activism
The table shows the number of HF activism events by year and by Fama-French 12 industry. An HF activism event represents a 13D filing by a hedge fund. When a person or investor group acquires beneficial ownership of 5% or more of a voting class of a company's securities and intends to change or influence control of the firm, they are required to file a 13D with the SEC within 10 days of acquiring the stake. The sample consists of 594 activism events during 2001-2014 for which data on funding levels of defined benefit pension plans of target firms is available on Compustat Pension annual data files.
Year
Freq The table shows characteristics of target and control firms one year prior to the year of the activism event. We match each target firm to a non-target firm on Compustat from the same year using the coarsened exact matching method. Matching is based on lag 1 of the following variables: 4-digit SIC industry-adjusted Tobin's Q, leverage, ROA, an indicator of negative ROA, log of market value, log of total assets; and lag 3 of industry-adjusted Tobin's Q. Sampling is with replacement to ensure better matches, so there are fewer control firms than target firms. For each variable, we report the mean (median) values for the target and control samples, and t-statistics (p-value of the Wilcoxon test) of the differences between them. The nyear growth rate in Underfund is defined as [(Underfund -1 / Underfund -1-n ) -1]. Appendix A defines the variables. Table 4 Employer contributions to pension plans after hedge fund activism
The table presents estimates from panel regressions of employer contributions to defined benefit pension plans. We use the difference-in-differences specification as in Table 3 , and replace the dependent variable with a measure of employer contributions. Contribution1 = ln(Employer contribution in $ millions); Contribution2 = Employer contribution / Number of plan participants; and Contribution3 = Unexpected contribution = (Employer contribution in year t -Expected next year employer contribution in year t-1)/ Total assets at the end of year t-1. Sample sizes for the regressions in columns (2) and (3) are smaller than column (1) because of missing data on the denominator of the dependent variables. Data on the number of plan participants is from the IRS database. Control variables are as in Table 3 . Standard errors are clustered at the firm level. The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. In the last three rows of the 
Table 5 Assumed rates of return on plan assets after hedge fund activism
The table presents estimates from panel regressions of assumed rates of return on pension plan assets. We use the difference-in-differences specification as in Table 3 , and replace the dependent variable with PPROR, the anticipated long-term rate of return on plan assets. Control variables are as in Table 3 . The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. In the last three rows of the table, ME is the marginal effect of Target*Post, Mean is the mean of the dependent variable, and %ME is the % marginal effect of Target*Post, as defined in the footnotes to Table 3 .
(2) Table 6 Pension asset allocation after hedge fund activism
The table presents estimates from panel regressions of asset allocation in pension plans. We use the difference-in-differences specification as in Table 3 , and replace the dependent variable with %Equity, defined as the percentage of pension assets allocated to equity. Control variables are as in Table 3 . The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. In the last three rows of the Table 7 Pension plan performance after hedge fund activism
The table presents estimates from panel regressions of the return on pension plan assets. We use the difference-in-differences specification as in Table 3 , and replace the dependent variable with Return (=Actual return on pension plan assets / Pension plan assets)×100. Control variables are as in Table 3 . The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. In the last three rows of the 
Table 8 The difference between assumed and actual returns after hedge fund activism
The table presents estimates from panel regressions of the difference between assumed and actual returns on pension plan assets. We use the difference-in-differences specification as shown in Table 3 , and replace the dependent variable with DIFF (= the absolute value of the difference between the assumed rate of return minus actual return). Control variables are as in Table 3 . The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. In the last three rows of the table, ME is the marginal effect of Target*Post, Mean is the mean of the dependent variable, and %ME is the % marginal effect of Target*Post, as defined in the footnotes to Table 3 .
(2) The table presents estimates from panel regressions of the discount rate assumed by pension plans to compute the present value of plan liabilities. We use the difference-in-differences specification as in Table 3 , and replace the dependent variable with Discountrate. Control variables are as in Table 3 , except they omit Discountrate. The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. In the last three rows of the table, ME is the marginal effect of Target*Post, Mean is the mean of the dependent variable, and %ME is the % marginal effect of Target*Post, as defined in the footnotes to Table 3 .
(2) 
Table 10 Pension plan freezes and terminations after hedge fund activism
The table presents estimates from panel regressions of the freezing and termination of employee pension plans. We use the difference-in-differences specification as in Table 3 , and replace the dependent variable with Frozen (Terminated), which is an indicator variable that equals one for firms that freeze (terminate) their defined benefit pension plans in a given year, and equals zero otherwise. Data on freezing and termination of pension plans are from the IRS database. Control variables are as in Table 3 . The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively. In the last three rows of the table, ME is the marginal effect of Target*Post, Mean is the mean of the dependent variable, and %ME is the % marginal effect of Target*Post, as defined in the footnotes to Table 3 .
(2) Table 11 Does the stock price reaction to HF activism announcement predict underfunding of employee pensions?
The table presents estimates from panel regressions of pension underfunding. The sample consists of firms targeted by HF activists. We use the specification in Table 3 , and replace Target with CAR (-1,+1) . The main explanatory variable of interest is Post*CAR(-1,+1). CAR (-1,+1) is the cumulative abnormal return over days (-1, +1) surrounding the activism announcement date. The abnormal return on day t is computed as = − m , where r it and r mt are the day t returns on stock i and the CRSP value-weighted market index. The t-statistics are in parentheses. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
(2) Table 3 . Our main interest in columns (1) to (4) is in the interaction of Target*Post with a third variable. In column (1), this third variable is G→D Switcher, which is an indicator for a firm that switches its SEC filing status from Schedule 13G (passive ownership) to Schedule 13D (active ownership). There are 221 cases of such switches in our sample. Column (2) conducts a falsification test by creating a dummy variable, Placebo, which equals 1 for a placebo event and 0 for a control firm. The placebo event year is three years before the actual event date. In column (3), we use a dummy variable Hard, which equals one if a HF targets a firm with hard activism and equals zero for soft activism. We estimate this regression on the subsample of hard and soft activism events only, and exclude 13D filings that list multiple purposes. In column (4), we interact Altman's Z-score, which measures the financial strength of a firm, with our DiD variable, Target*Post. Target equals one for a target firm and zero for a control firm. Post equals one if a firm is within [ 1, 3] years after an activism or a pseudo-activism event. Control variables are as in Table 3 . In column (5), we redo our DiD regression after excluding firms that are delisted within three years of activism. We also include year and firm fixed effects. We report t-statistics based on standard errors clustered at the firm and year level. Appendix A defines the variables. *, **, and *** indicate statistical significance at the 10%, 5%, and 1% levels, respectively.
